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ABSTRACT. We present the study of a large X-ray loop related to the
H-alpha 2N flare close to the center of the solar disc. The FCS, BCS and HXIS
data from Solar Maximum Mission have been used in the analysis. We have deri-
ved the temperastures, densities and the geometrical parameters (length, dia-
meter) for a hot core and for a cooler envelope of the flaring loop. For the
hot component we have obtained the time behaviour of each of the term included
in the energy balance relation.

SUBMIECKUE ITAPAMETPH BOJBUWOA BCHHIEYHON NETJM HONYYEHHHE ¥3 HABJDAEHMA
SMM <22 HOABPA 1980 I'OZA: B paGoTe OpeACTABIEHO MCCAeNOBaHMe Goabmoli meTeabHOM
CTPYKTYPH CBAsaHHO! ¢ H-anrbda BCnumko# Gaxxa 2 , KOTOpas Opousomaa BOAMSH LEeH-
Tpa COJHEYHOr'0 AMCKA. B amaruse ynoTpeGasauch IHOHHHE NOAYUYEHHHE CIOyTHMKOM SMM
¢ mosomb npuGopos: FCS, BCS um HXIS. Buxa noayueHa TemmnepaTypa, MAOTHOCTHL &
TAKXe reoMeTpHYeCKMe MapaMeTpH IJAS ropsvyero sSApa ¥ XOJAOLHOH OGOJOYKM BCHHmEY-—
HO#t meram. Iud ropsavyero KOMNOHEHTA OHJAX BHUMCIGHH BpeMeHHHE M3MEHEHMS BCeX
YJNEeHOB, BXOJANMX B YpPaBHEeHUEe DHEPreTHYECKOro GAXAHCA MEeTIH.

FYZIKALNE PARAMETRE VELKEJ ERUPCNEJ SLUCKY, POZOROVANEJ 22, NOVEMBRA 1980
NA DRUZICI SMM. V préci je 3tudovand velké slu¥kové Ztruktira, sivisiaca s
vyskytom erupcie, ktord mala v H-alfa importsnciu 2N a nachédzala ss blizko
centra slneiného disku. Pri snalyze boli poufité pozorovacie uddeje ziskané na
drufici SMM pristrojmi: FCS, BCS a HXIS. Pre horice jadro a pre chladnd obdlku
erup¥nej slu¥ky boli odvodené hodnoty teploty a hustoty a tieZ geometrické pa-
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rametre (d{%ka a priemer). Pre horicu zloZXku bola vypo¥itand Zasové zdévislost
vSetkych &lenov, ktoré sa vyskytujui v rovnici energetickej rovnovéhy sluilky.

The flare of 22 November 1980 has been already a subject of the paper by
Chung-Chieh Cheng and Pallavicini, (1984). From a comparison of the X-ray ima-
ges with coaligned Ho{, images (see Fig. 4 in their paper) they deduced the
magnetic field configuration of the flare. According to them the observed
X-rey disc loop-like structure was most likely a single loop with the footpo-
ints snchored in the two brightest H, regions, which appeared to extend
along the magnetic inve rsion line separating two active regions.

Here we have quantitatively analysed the X-ray data related to this fla-
re. The data consist of the soft and the hard X-ray observations from SMM.

The FCS data are the spectroheliograms of the flare made simultaneously in 5
spectral lines (OVIII, NeIX, MgXI, SiXIII, SXV) at 8 times on the decaying
phase of the flare. The BCS spectra of CaXIX and the HXIS fluxes in 4 energy
channels (from 3.5 to 16 keV) for the whole loop, cover in addition the rising
phase of the flare. '

The 22 Nov 80 flare was a slowly evolving and large scale event. It was
connected with class 2N flare in Hy , and situated away from the central part
of the active region. It was located in a spotless area, in between two adja-
cent active regions (NOAA 2793 and 2794) near the disc center (at N12 W02).

In the soft X-rays the flare appeares as a large loop-like structure,
stable during the 20 min period of observations by FCS.

SMM -0546 UT-22 Nov 1980

——— 100 cm ——

Fig. 1: Intensity contours drawn at 0.35 of the maximum intensity as obtained
from deconvolved FCS images. Contours denoted 3 MK and 6 MK correspond
to image measured in Mg XI and S XV channels. The temperatures have a
sense of a mean temperature of the line formation.

In Fig. | the deconvolved intensity contours (0.35 I ,y) Of Telatively
low-temperature radiation (MgXI, thick line) and higher-temeprature radiation
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Fig. 2: Top: Temperature distribution of the Differential Emission Measure
(DEM ). Characteristic temperatures estimated from the BCS and HXIS
data (see text) are indicated by arrows.

Bottom: Contribution functions indicating that the 3 MK isophote in
Fig. 1 reflects the appesrance of the low temperature component,
while the 6 MK isophote is intermediate between the hot and the cool

components.

(SXV, thin line) at 0546 UT are shown. One can see that the loop-like structu-
re observed in the soft X-rays consists of the hotter and thinner core and of
the cooler and wider envelope. The two component character of the emitting '
plasma is apparent also on the differential emission-measure-temperature dis-
tributions. In Fig. 2 one such model obtained from FCS data at 0544 UT is
shown. The DEM-distribution has been calculated by the routine developed by
Sylwester et al., (1980). In Figure 2 the contribution functions (the product
of the model and of the emission functions) for two individual lines are shown.
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Fig. 3: The time variation of the important physical parameters for the hot
and the cool flare components. Bottom three curves are derived from
the FCS data available after 0544 UT only. Upper four curves are re-
lated to the hot component.

They give the information in which temperature interval a given line is effec-
tively formed.

In Fig. 3 the time veriastions of the values of different parameters of
both components, and two characteristic light curves are shown. The THXIS for
the core has been obtained from the counting rates measured in channel 1
(3.5-5.5 keV) and channel 3 (8.0-11,5 keV) by HXIS instrument and should be
treated as maximum temperature of the plasma contained in the core. Tca repre-
sents the mean temperature of the hot core and has been derived by fitting the
BCS Ca spectra (see Lemen et al., 1987). The total emission measure & of the
hot plasma component has been derived in this fitting process also. The para-
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Fig. 4: The time variation of the components of the integrated energy
balsnce equation for the hot loop (T > 8 MK)

meters for the cooler component ("envelope" in Fig. 3) were obtained in the
following way: the temperature T%cs was taken as corresponding to the maximum
of DEM distributions (see Fig. 2), the density N,y was obtained from the to-
tal emission measure fenv calculated for this component, while the volume

V = 3.43 x 1028 cm3 was obtained from MgXI deconvolved images, assuming cir-

cular cross-section of the loop. (Nenv = E env
V.___v__

With the help of the method LEBAN Q}oop energy balance eanalysis) present-
ed in the paper by Sylwester end Sylwester (1987), the total loop length of
1.33 x 10'0 cn with cross section areas of 7.78 x 10‘6 cem? were obtained based
on time variations of THXIS’ ’I‘Ca and & . '

The length derived theoretically is in a very good agreement with that
seen from the FCS images (1.45, 1.29, 1.11 x 1010 cm for OVIII, MgXI and
SiXIII respectively). The derived "effective" diameter of the loop (~4 arc sec)
is much less than the resolution of the FCS collimator and thus the loop width
cannot be resgolved even on the deconvolved images. The contour corresponding
to T = 6MK in Fig. 1 establishes an upper limit for the core dimensions. The
values of the loop length and the "effective" loop diameter allow to investi-
gate the changing role of various terms included in the energy balance egua-
tion for the total loop (the hot component):
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where Ey is the energy deposition rate (erg/s) into the loop, Ethermal is the
loop thermal energy, Er is the rate of the energy losses due to radiation, E
is the rate of energy losses due to the conduction (away from the region
T > 8 MK).

-Following the LEBAN method we express

c

Eihermar = JNETV = 3 k.T. V€.V (2)

= EH=eH.(5.V (3)

where (}is the portion of the loop where the energy depossition takes place,
and

ey = Ao Tol/ 17 (4)

Here %, represents the thermal conductivity and L is the loop semilength.

E, = €. PL(T) ()

end P_(T) we have taken after Rosner et al.,1978.

The calculated evolution of all the energy balance equation components
are shown in Fig. 4.

It is worth noting that during the initial phase nearly all of the energy
deposited Einput =J'EH.dt is used to increase the thermal plasma energy. With
the time, the mean plasma density N rises as shown in Fig. 3 and the radiative
loses Erad. = Er . dt becomes more and more important. After the pesk of the
energy input rate (at 0535 UT) the role of conductive loses Econd.=° Ec’ at
grows to reach at the end of the event a level close to the total radiative
loses.

A summary of the values of important parameters derived for the hot and
cool flare components is given in Table 1. The hot component values are all
obtained theoreticaly following the LEBAN method. On the contrary, the geome-
trical parameters for the cooler component were obtained from the FCS deconvol-
ved imeges. The two values given in this case for the diameter of the loop re-
fere to the apex and the footpoint respectively.

In conclusion, the 22 Nov flare seems to be a good example of a loop
structure which is in a quasi-stationary state for a long time during decay.
For this period the relation between the maximum temperature and the pressure
is governed by a static loop scaling law (Rosner, Tucker end Vaiana, 1978). In
the initial phase, the loop containing the hot component plasma can be consi-
dered as a thermaly isolated system with conductive loses unimportant.

Deconvolved FCS images of the flare together with results of the diffe-
rential emission measure modelling and the LEBAN approach consistently indica-
te that the flare comprises two loops of similar length with different tempe-
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Table 1

Parameters of the 22 November 1980 flare

HOT COMPONENT COLD COMPONENT

Length of the loop {cmi ‘ 1.33+10 1 31 1.45+10
Diameter 'cm, 3.15+8 2.42+9  1.1%9
Area om? 7.78+16 4.58+18  1.12+18
Volume cm>. 1.03+27 3.43+28
Naximm density |em™3. 7.10410 2.52+10
Maximum pressure [dyne cm'z] 107 16

Total energy deposited !erg) 4.,6+29 8023+26
Tl}"e‘;l;gating rate :erg en™3 5'1] 0.488 i 0,016

ratures, densities, pressures and heating rates. The narrow hot loop is pla-
ced most probably within the wider cooler one; the two are magnetically iso-
lated.
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DISCUSSION

J. Staude
Did you always use the ionization equilibrium calculations based on stationary
steady state asumptions and is this Justified during flares ?

J. Sylwester
Yes, we assume stationary conditions for the ionisation state of the plasma.
Our analysis deals with the decay phases of flares. During decay phase the
characteristic time for the plasma temperature variations is much longer
(5">1008) than the time to reach the equilibrium state. This time can be esti-
12

T~ 10
eq

e
with typical N ~10"! cm> (during flare decays) Toq ~108. Thus the sssumption
of the stationary ionisation conditions is valid.

-3 )

mated as » where N, is the plasma density (per cm

COMMENT
to the contribution Krivsky et al. from page 161:

B. Kélmén

The flare of June 3, 1982 was observed in white light by a Hungarisn amateur
astronomer, 80 it was definitively a white-light flare. In the Debrecen Obser-
vatory we are preparing a study of this group, together with the drawing of
the flare. Unfortunately the time of the observation is not very exact.

152

© Astronomical Institute of the Slovak Academy of Sciences * Provided by the NASA Astrophysics Data System



